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INTRODUCTION 

There are a variety of physical vapor deposition methods with which to process coatings 

over large surface areas. By large, we refer to substrate areas typically in excess of 0.5 m’. For 

the coating of stainless steel sheet with submicron thick titanium nitride, we see the use of long 

cathodes up to 1.6 m in length.[” For spooled flexible plastic substrates, we see the use of 

hollow cathode - activated deposition to apply metal-oxide coatings over large areas.[21 For the 

deposition of field emission cathodes for flat panel displays, we see the use of high rate 

evaporation coupled with step-and-repeat substrate motion.[31 

The use of long, rectangular magnetrons to sputter deposit oxide coatings over large 

areas is common in a manufacturing environment. The sputter deposition of metal-oxide 

coatings using rectangular magnetrons operated in the rf mode is a standard process. A wide 

range of applications for large area, metal-oxide coatings includes the deposition of dielectric 

layers on silicon,[41 anti-reflective coatings on glass, corrosion resistant coatings on metals, and 

more recently, multilayers for x-ray optics. An alternative to the rectangular magnetron can be 

beneficial to minimize the expense of target materials and the cost of large deposition sources. 

One feasible approach, demonstrated for the deposition of multilayer coatings on large 

area, x-ray optics is through the use of an array of circular planar magnetrons.[51 The use of two 

linear arrays of three, 26 mm diameter magnetron sources operated in the dc mode provided an 

effective means to deposit uniformly spaced multilayers across a 15 cm wide path. A greater 

number of synchronously operated, larger diameter sources is required for wider coating paths 

at higher deposition rates. Presently, we investigate the use of a linear array of six, 76 mm 

diameter magnetron sources operated in the rf mode to deposit a 2 pm thick deposit of alumina 

across a path in excess of 0.7 m wide. 



EXPERIMENTS AND RESULTS 

Sample preparation 

The specimens of this study are prepared by planar magnetron, sputter deposition. The 

vacuum chamber is cryogenically pumped to a base pressure of 6.6 x Pa. A linear array of 

six planar magnetron sources are used with a source-to-source separation of 114 111111. Each 

planar magnetron has a 76 mm diameter. The source-to-substrate separation is 83 mm. The 

target material is alumina (A1,0,) and the substrates are polished Si wafers covered by a hard 

mask as a template to create a grid pattern. Each circular opening of the x-y grid is separated 

by 19 mm on center, extending over a total area that is 152 mm in width by 0.8 m in height. 

The substrate table is held at room temperature. The magnetron sources (1 through 6) are 

operated in the rf mode. The Ar working gas pressure (pk) and gas flow (qk) is generated from 

the boil-off of liquid argon. For each deposition experiment, 600 Watts total of forward power 

(P,J is delivered from one rf generator for a specific interval of time (t). Three network 

splitters are used to divide the power amongst pairs (A, B and C) of the magnetron sources. 

The thickness profiles of the sputter deposited coatings, generated using the magnetron source 

arrays for the sputter process parameters listed in Table 1, are measured from the masked 6D Si 

wafers using contact profilometry. The power distribution form the paired magnetron sources 

are listed in Table 2 along with the percentage of reflected power (Prefl). These process 

parameters minimize the effects of energetic sputtered neutrals, that is ballistic adatom 

bombardment at the substrate.[6' The deposition rates from each source are 0.48 to 0.85 nm (W 

hr)-' under these deposition conditions. 



Structural characterization 

Scanning electron microscopy of cross-sectioned alumina samples reveal the growth 

morphology. A dense microstructure is evident throughout the cross-section as imaged with 

secondary and backscattered electrons for all samples. A typical example is seen in the fracture 

cross-section (Fig. 1) of a 1 pm thick region taken from the perimeter of coating no. 4. The 

fracture mode appears smooth without the presence of distinct columnar features as is typical of 

brittle fracture in a glassy material. 

X-ray diffraction is used for phase identification of the sputtered deposit. Analysis of 

Cu K a  diffraction scans in the 8/20 mode taken at high (30"-80") indicates the lattice spacings 

of the coating and substrate. A long (4 sec) count time coupled with a fine (0.02') 28 increment 

is used to provide a reflected signal from the apparently glassy coating (of Fig. 1). This beam 

conditions yields an intense (greater than 2 5 0 ~ 1 0 ~  cts s-*) peak for the Si (400) substrate 

evidenced by a doublet reflection at 28 positions of 69.1" and 69.3", indicative of the Cu Ka, 

and Cu Ka,. split in the incident x-ray beam. This result is typical for scattering from the 1-2" 

misorientation found for highly polished Si wafers. In addition to the diffuse Si (200) 

reflection found above the 28 position of 33", diffuse reflections are found (Fig. 2) at the 28 

positions of 35" and 45" for the sample from the perimeter region of the alumina coating no. 4. 

These broad (2"-3"), full-width-half-maximums would indicate a glassy or nanocrystalline 

deposit. The best fit for this spectra is the corrundum phase of alumina having primary (104) 

and (1 13) reflections at 20 positions of 35.1" and 43.4", respectively. 



Pro filometry 

The thickness of the alumina coatings are measured using contact profilometry. The 

contour plots (Figs. 3-5) of the three alumina coating experiments all evidence a peak-to-valley 

topology consistent with the position of each magnetron source. For coatings no. 2 and 3, the 

magnetron sources are paired identically (Table 2) producing similar profile results although 

processed at two different gas pressures (Table 1). The decrease in peak thickness (Figs. 3 and 

4) correlates with the progressive decrease in forward power and increase in reflected power as 

the magnetron array progresses in pairs from sources no. 1 to 6. The higher working gas 

pressure used for coating no. 3 (Fig. 4) as opposed to coating no. 2 (Fig. 3) produces a lower 

deposition rate as is consistent with the increased scattering of the sputtered neutrals, yet the 

thickness uniformity is unimproved. The change in magnetron pairing directly influences the 

thickness profile. The three network splitters (A, B, and C) do influence the power distribution 

to the magnetrons and it is unequal. The change in magnetron pairing directly correlates with 

changes measured in the forwardreflected power from each magnetron source. The thickness 

maxima observed for (A) paired sources no. 1 and 2 in coatings no. 2 and 3, shifts to sources 

no. 1 and 4 in coating no. 4 as these sources are now (A) paired. 

DISCUSSION AND SUMMARY 

The use of a linear array of planar magnetrons can be used to produce a metal-oxide 

coating over a path in excess of 0.7 m wide. We have demonstrated that six planar magnetrons 

can be operated in the rf mode using just one single rf generator. This is a cost effective 

alternative to the use of single source generators and matching networks. The distribution of 

power to the magnetron sources is accomplished in pairs using network splitters. Without an 



attempt to balance the forward power output, variations in thickness will correspondingly 

occur. A peak-to-valley thickness variation will be commensurate with the spacing between 

magnetron sources. The quality of the alumina coating as viewed by morphology and phase is 

comparable to those produced using large rectangular magnetrons. If the uniformity in coating 

thickness across the array can be improved, then this approach offers a viable cost (of targets, 

power supply, and source) effective alternative to large rectangular magnetrons. 
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Table 2. Sputter Power Distribution 

Magnetron Coating no. 2 Coating no. 4 

Source (no.) Pair p,, (%I PreflPfor (%) Pair b o ,  (%I PreflPfor (%I 

A 100 5.6 A 100 6.9 

A 102 4.8 C 98 5.8 

B 98 8.7 B 90 12.7 

B 103 5.0 A 105 6.6 

C 93 9.1 C 97 8.5 

C 91 17.8 B 91 17.3 



Si 

Fig. 1 A scanning electron micrograph of a cross-sectioned region a 1 pm thick region taken 

from the perimeter of the alumina coating no. 4. 
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Fig. 2 Cu Ka diffraction scans taken in the 8/28 mode as sampled from the perimeter of 

alumina coating no. 4. 
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Fig. 3 The thickness contour plot for the six source magnetron array of coating no. 2. 
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Fig. 4 The thickness contour plot for the six source magnetron array of coating no. 3. 
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Fig. 5 The thickness contour plot for the six source magnetron array of coating no. 4. 


